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PROBLEM TO BE SOLVED: To ensure reliable 
optical flow even if there are not so many patterns in 
an image area by complementing optical flow in an 
area having low reliability which is calculated from 
two images with optical flow in ambient areas. 
SOLUTION: To estimate optical flow, after the optical 
flow is calculated in every patch based on two 
images, an area having low reliability is divided from 
an area having high reliability in accordance with the 
reliability of the optical flow. Next, optical flow in the 
area having low reliability is complemented by using 
optical flow in its ambient areas. The reliability yin 
this case is calculated by such a manner that its 
characteristic value is calculated from 2x2 
coefficient matrices G of an expression I which has 
the square of vertical and horizontal differentiation of 
a certain image area cu and by an expression II from 
variable density residual E between a smaller 
characteristic value A min and an area after 

following. Thus, it is possible to obtain a panoramic image without joints from plural images 
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lzLtz:tzf^^f}jiya-m^y5m. 

w-yj[^(DWA(D z^^^miz^r^Tmcom^ ^ <d2 x 2 
[liti ] 

[iS2] 

LTatb-ri>mi xx-v^. 

mi iil«ro=§-!^j^S^^,(cm-tsm2iiHt±a)^>^. 13511 

m^milk(D^•^m^^tm2XT'yylz^^XJ>ltlf)^bhtz 
m2iij^±(D>5fi^;jSi:(zSoLNT, m 1 lI«±a)^&iz^Ft 

1 iij^±rofia$^i6§/cftOT$jtxe^5i^fti)m3 
t^^ismiMzmi^^izm-^i^x. m-im^ 
tm2mi^t(Di(im^.t<-^r^^r>[z. m^m{ttm 

^m2il«i:(Da':^yg|5^^A^b. i^iij^FBia):^^^^^ 

;u:7P-lZc):-5ii®l;|::*5a7j:^?»CDai^j-iij^$!t#1t!!^i: 
[I**il5] mi ®1t<!:m2iiI^i:cDS4~yg|l$tttij 

■r-sxi^-y ::*'-c(i, s s D;^(cs•:JL^Tm 1 mi&tm2 

P'e^/ilMiS-lb L /iLucas-Kanadeii (c h:^^^ t) Jiy a 
-^■^im=&$m\z^l^X'i^i^H^fy'f'<tiJi^ya- 



:7□-fi^:^;^(c*oa^r. mi iiitirmaiiiftiANb 
a)=&!f#iS;^,(::*=ti$;-r-&m2iii#±cD#>$. ^#b^^f=:r7° 

b 'if -Slf 3 , 4 J; 1/ 5 CD L\Tti.AMcIB«COiii<t 
[it*II 7 ] mi ll^-m n ( n (S 3 Jil±(7PS 

Sfe) (7)3feiii±(Diiii^A\b. mi iii<S^SmiiI<t<t L. 

r. %^m\^!.tmnm^t^■&fi^t^m^■^^s.1lm\zii 
m ( i + 1 ) ®^t±(D^jzjKffc;-r-5m i m^±(n\±m. 

i^lA^b (n-1) ^r'©=&Sifi<t LT. -e^K-? 
H*46-g)/-ctoOT^^xt^»:ffif -smi X7^->:/. 
mi x-x-y3^-C*46b;h./i::i:r(7)^^jClc»o'L^r, m 

cD^^it$3S:i6-l)m2X7^<>3^, ^£bLl:|c^#b^^/clt^fe 
itl3S•^'L^T. m 1 iiHti:mniij^i:(Z)>Ktl$:^A<-a-r 

^.fc3ic. m-immizmnmm^'^mt^msx^-jy 

m 1 XT^>V7'iis 'j>;coaXx'>::''~cXTF'v:7'^. i = 

lAMi. i ^ 1 O-ToMifLT i = (n- 1 ) ST\ ^ 

a.T.'fv-J : % i iU^A^bs % i ©^(tm ( i + 1 ) ill 
imtomcD^t- yT-'itDVya-lzj;: ^mmiz^Wdi^^ 
(D^l^mm.^n'^i^t LTttiii-r'SXi^-y^^" 
bXx->:/ : m i ilftCD=&!f#1^;#Jc5tt/$;-r'S.m ( i + 
1) mii±(D!^,i. i^ilftFBl<7D;j-:/T^-f *;U7P— left 

0*L^-Cii»■r'S)Xx7:7' 

cXt-'v::'": m i iii^cD#*#lS^.i: bx-x-y:/iccfc-:3r 

*i^b;h-f=m (i +1) miSi±(Dtimi^tizm'^i^x. 
m ( i + 1 ) iii«±cD^jcm^^m i iu^±cD(ia^ 

[W^J^Ss] mi iiiit~mniii# (nli3ia±(DS 

m (D3mj.±0mm^. m-imiSi^mmtLx^f$.t 

m ( i + 1 ) iii#±(D,'^ic?^rs-r^m i iii^±cDfiS 

i^1A^b (n-1) ^T?<7)#Slit<!: Lr. ^;h,^ 
^^^to^y•ctocD^^^Il:$5Rto-Sm 1 xx-y 
mi XT^-v::fT-*tobtLy--SjSit(-»-5L^r. maii^ 
:f3^i^mnmiSitxcD^mitmz. ^miik±<Di^Azpi!t-r 

^ mm±(Ditm.i^isb^fztt>(o^^^i:W-tiii- 
27.^v-y. u^■{S\z%2mm.±.(^)^^zn^■th%^m , 

fS±(7)Gi:a^3}?4b^fcWC0^j$5t(z5o'L^Tm 1 iH^IC 

m2iij«^^),ELs msiu^jiro^izjPtrEi-r^miiij^ 

1 iUfticDfiSf *<ft^/•;<s^(D$^^e{-S-:3^^r, mi 
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1 A^bs i $ 1 O-f-pMff LT i = (n - 1 ) ^Tr, 

aX7^->7' : m i ^ i iii^irm ( i + 1) m 

c7.T-yy -.m \ mit(D'&n^^.tb::^7-'yZflZj;:'DX 
^ibihtzM ( i +1) ilft±(Dj^r&i^,i:lc£-^LNT. 

m ( i + 1 ) Bft±«7),.sic?pf)s-rsm i ®^±cdsm$ 

[IS*iI 9 ] a Xt^ m i mt t m ( i + 1 ) 

(c^jit^m (i+1) iU^tcDS^fi-jai^j'Tb^b, (SSiiift 
Fb^cd^ 3*"^ ^ r^i □ -(c J; ^iiSjr'lc^tsaiT^f^gftCDSR^- 
[it^m 0} m i iii^tS ( i + 1 ) H^tirofi^d: 

iijft<!:m (i + 1) mmt<Dmtd:^jm^mtii^hi>tm 

[W*II1 1 ] hXn'yZfit. 
mmm&it L ^iLucas-Kanade;^ J; ^fZf'r^:h)\^ya 

m i mm(D%i^WL^jzMitt ( i + d iii^±(7)^. 
mhtifzt^T--{ tiji'Z^a—izm'^i^xj^Bt^T. 

LTtttii-r'SISl ^IS. 

|g 1 iiift(7)^!f#g![/S(cJ^iS:-r^ll2iiI^±CD^.$. mm 
IS. 

mm±(Dt!tm^.ttz&'5^^x. m-imm±a:>^jz^st.-t 



1 i®<ll±C0fiES^*to^/i(ft(D^i^xt^^(ft^m3^ 

S fiS ^ T O ^ C i ^!ftm <!: r iil^^fiXSBo 
[tt*lI13] |g1 m il«i:m2iij^<t(D 

-iz^^'^mzmiummo^'Amm'^m^.t uxtt 

tii-r-S^ISTIi, SSD;4(cS-:5L>Tmi®^tm2iii 
MMM&it L ftLucas-Kanadej* (z Zf^ ■h)\y-yu 

■^^ji-ya-'^mi^xm^-t^. ti^'Dfzirzfir-<±ii' 
7P-ti^:^;£lcS-^L\-C, Hi iii^<t 11211^ i:3b^b 
7t-3'"iF^':b;u7P-$3Rif)-?>^S. fccfcU^m i iii^cD=& 
!f#1ll(j^(cj*f£;^^m2il^±(7)js$, 

16] Hi n ( n IJ 3 Jii±(7)S 

gif) <D3«^ly±coil^^A^b, S i ®^^*j^a^<t l 
r. Si ii)^i:mniii<tt^^/3Kr-5ili#^fi)tgSlcfc 

H (i+1) mik^(D^\zn^t%>m i ii«±c?)fia 

(n-1) $T'CD=&S^t LT- 

Hi¥IS-e*(S^)btLfc:^TCD^^SlcSr5L^T. Hn® 

^iC^3}5to^m2^l6, ^fbi^lc^fbHfc^i^itizXo' 
L^T. mi®fti:HnH«t(D>PtI$;^^7!)<-lii-ri,<J;-5 
\z. H 1 H<t(zmn®<t$^fiE^^||3^|§$«S^TJD 

Hl^lSli. J)?CDaXT^-y7''~cXT^>:/:?°^, i = 1 A^ 
b> i S 1 -3"f-3MSTLr i = (n- 1 ) ^Uil 

axx>y:/ ; m i ®^tA^b, m i mm.tm (i + 1 ) ® 

^ i: (DfalCD^ ± ;u:7 p — (z J; ^ Jlttlz^tJJl/d: 

hT.'T-yy ■.m\m\^cr>^w^i^Azn^-t^'m (• + 
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*4^b^y-=m ( i + 1 ) iii«±a)>Pti^;;^<!:i-ao'oT. 

m ( i + 1 ) ii]{s±cD,^jc>nff6-r4m i mm±(DikW:^ 
17] m^ mm~m n uit ( n (± 3 ia±cD^ 

iif) OT3teJii±(DiM<t*. Ill ilKt^Siii: L^:^^St- 
m ( i + 1 ) iij{*±W,'iS|::m-r^m i iiIft±CDte« 
i $ 1 (n - 1 ) ^TFCD^&SSfti: LT, ^^-f 

m 1 ^mx'^tb iMz^m^iz&'^i^x. m 2 ii# 

^>f^isb^fiib(D^m^iz&':si^xm i mmtm2miSit 
<n-^f^mmizm smi^i-^mt i t i^-Dfzmm^m-x'n 

m (n-1) iS#^-ecD^fi!cB<tlcmniiI«^^/iKLT 

mTmm-mnmi^cD'BfS.mi^im^ms^^imxx 

Si¥-m, a X7^->:^~cx-T i 1 A^ 
i ^ 1 -p-TosiffLr i = (n- 1 ) i^ys 

a^T-yZf : m i iiHtA^b> m i Miktm ( i + 1 ) iS 

1) mm±<D^.^. mmmm(D:tzf'r-< tiji'yn-izm 

cX^-jZf -.m-i mit(D%^mi^tb?.y-yyizj:^X 
*46bnfrm ( i +1 ) ii^^t±ro>i^J4:/S<!:lzS-:3^,^T. 

m ( i + 1 ) si^±(75,#jz)ptits-r^m i ii^±c7)i4s$ 

[11^1118] aXT^-v^li, m i ®^<!:ll ( i + 

ii^izfcit^m (i + 1) ButtcDa^fysR^A^b, ^ 

jMiSrel (D/h :;^T- •< p -(;: ck mi:: 

gfi^j-iu^ ^ !fta i: L r tt ffi r ^ X ^ -V ^ fiffl ^ T L N ^ 

ci:^!ffS[<h-r-5iS*iIl 6fcJ;U:i 7 cDL^-r;KAM::ie 
[IS*iIl 9] H i il#i:m ( i + 1 ) iii^itDSTd: 

ysp^ttttj-r^xT-vT^T'ii. s s D;£(c»o*L^TS^ i 
« 1 8 \zmm(DmiSL-Bm-^m.o 

Pf j^^b L f=Lucas-Kanade;£(z J:'g):^-:/-T-i'*;U7P 
— jt^ G) #|gpg ( c L \r ^# b ;K -5) -< * 7 P — 



yo-m'^yjmz&rsi^x, m \ m^t% ( i + 1 ) iii 
n i m^(D^n''^^Azn^t ( i + 1 ) iii^±c7),'i^> 

:6^b4■■5if^II1 6, 17. 1 8fcd;u:i 9CDL^-mA^ 

m-im^(D^nwi^jz^mr^m2m^±(r),^^. mm 

§km(D:i--:f^-<±}i^ya—iz&':5i^Xj^B-t^^2 7.^ 

m iiJ^(D#if#1^;S i: n 2 X >v J; o r * .ft b;Kfc 
m2^i^^±CD>stl:5^i:lc»-^•L^r. H ilJ^±cZ),^jc5^ 
l^^f 2 iii«±(Dfia^fc(im 2 lI^±©;Si::>i4P&-r 

^DJ;L^*^#b^^/•zIE^Jtlza■^^•L^r. mij^ 

<!:m21I^t<7)>FtlJ:^*<-a-r§J:3(c. miiM^t^ 

$ left L D > t" 3. - ^ iilivix y piig 'iiEfSJll*, 

.tcDa^fy^^tttti-r^xT^-y:;^. fccfcu'm i iii^izfc 
It -s m 2 is^ t © s '^.f y eu^j- b . iu^rBiro -< 

$^i^rL^^c<t^tte^<l:■r -511*11 2 i icseKoij^ 

[It5)tii2 3] mi iii^<tm2jii<ti:cD«i&ysi5$tt 
tii-^--S)XT-'>::^7?li. s s D;t(z£-:5uT|g i ij^tm 
2 iii^i: (DM'd: y g|5A<tt(±i $ ti^SW*^ 2 2 icfSKcOH 

^^/s ::''p y 7 A $151$ L =1 > t° :i — j! m^m y Ritg 

[tt*iS2 4] ll2X7^-v::>'ii. 

PgStiiilt L fcLucas-Kanadej* (- J; ^^:7'-x-f;b;U7P 

—mmiiiommiz ini^xmii,H^:tyir'<tiji'Z>a— 

■<ijj\^ya—^mi''xm^r^. ti^^-otzTt-yT-'ChJv 
y D-m^y3mz&'5i^x . m^mmtm2mmtt■^i^ 

(D=^'^wi^jzm'-t^m2mm±(Di^,^. mhMzirz^ 

t-^^ti.M^mM.2 1 . 2 2feJ:LK'2 3 (»L^•rtLAMcfEt6 

CD iS^-^ jiE p ^7' ^ A ^iBJS L /c =1 > t: a. — -$! gg^is y 
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A ^ fell L fc 3 > t' i — ^ fx y Rit^ mzimi^ v fe 
■or. 

m ( i + 1 ) miSL±cD !^jzii4itri>m i mm±<Diim. 
i^iA^ib (n-1) ^v(D^m^tLx. ^h'e 

1A^^>, i ^ 1 oroSfiiffLT i = (n - 1 ) # 

axx-v^' : m i mm^i. m ■> miSitm ( i + 1 ) st 

^i6b+Lfcm ( i + 1 ) iiHt±CD*tPE;ji?,<!:lc»oLvr. 

m ( i + 1 ) m'^±(omzn\t^t^% \ ®^±cD<ia$ 

[W*II26] mi B^'-mnli^ (nl±3 W±CDS 
iS) (7)3teJiJ,±(7)®#$. mi ®^^»»i:LT^fi£-r 
•i)®^^)^)c 7^ □ ^7-7 A siBis L I] > e a — 51 ssi^ij y 

m ( i + 1) ®<t±cDitic>itPS-r^m i ii^±(di4s 

i ^ 1 A^b (n - 1 ) ^-CfD^^iai: Lr, ^H^' 
ti*i6-Sfc(ftcD^j^je$*46.5)m 1 
mi XT-y::f-e*toP,;txy-^jSitlz*OL^T. mzMU 

2X-XV ''=):bU:(cm2il^±(7),^lc>E^i«;-ri)m 1 li 

mzwiik^-BmL. m3iint±ro^Jc^^)^^■r^m^ si^ 
2 iiiffetcD^/tsfti-m 3 miik=S:-^m-t^t [,:^':>tzmm 

^Hi^^tToT. S$?-6*iic, mniii#±(7);^jcJ^rSt-^m 
^mi^±a:)i^Lm.'S:^if)^fzi^0)^m^lzm-:3[,^x. mi 

iu^A^bm (n-1) B^^-ecD^fiEiiiiticmnii^^ 



$ =3 > t° 3. - ^ (C UtT ^ ^ to(Diil^^fi)t 7° P ^" ^ A 

mi x-T-v::^(±, ;^(DaXT--y::^~cX-f--y::^$. i = 
lA^b. i $ 1 -^-f-z^MfrLT i = (n - 1 ) ^r-s Si 

L 13 > t° i - y w 8^4- faft!'^, 

aXT-> >f ; m i SI^A^b. m i M^tW. ( i + 1 ) M 
bXT^-y7 : m i M^OT^&iffai^JCj^fC-rSm ( i + 

-3'i">TaiS!ir'-r-sxT--v:7' 

cXT-v-y' : m i iil^ro=&!ttg([fii: bXT J; oT 

^tbi^Mzm ( i + 1 ) ii^#.±(D>^^l^:.^si:lza-p•l^T. 
m ( i + 1 ) mm±(0!^iziitf^-t^m i n^^o^iss 

*«)-5fr(ft0^^it$;*ft^XT- 

1) iij^iroa'ti:ya!$ttiii-ri)XT-v:^. fcj:u:mi 

U^lciJIt^m ( i +1) iKtir^M^fyas^j-Ti^b. 
iij^rBlcD:f:>"-f- ■< * ;u p -led; ■5iiW'(cW»b^fffl^<D 

$fii^TLN^::i:$!t$ii!<fr-5IS*ifl2 5fccfci;2 6CD 
L>T>iA^(~l6«(DiiIjt^fiE 7" P A ^ IBf* L n > t' 

[a»*ii2 8] m\mmtm {\ + ^) mikt<Dmtj: 

yS|5$ttt±!-r-5XT-y S S Dji(zao'L^rm i 

mi^tm ( i + 1) ij^<t:cDa4~ysi5A<tttB*+i-i)ii* 

« 2 7 ICfBitCDlI^t^fiE P A ^IBil L P > t° i 

[If*:il2 9] bX-T-;/::^!*, 
^mm^it L ;fcLucas-Kanade;ilz J: -& ^ -f ^ ;i/ d 
-^t^;£co=&ISI^gl^*>L^r^# bti-&:t ::'"-T- -c * p- 

yo-m^ysmizmrsisx. m i m^irm ( i + 1 ) si 
m i ii^cD^!t#m/^jcj>r]$:-r^m ( i + 1 ) is^±cD^ 

^#btiy--:r::*'-f-'f ;'3;i/7P— (zS-:JiNTiI5Sli-r€)X 

?t)\b''cfi)!l*lS2 5. 2 6, 2 7 fccbU^Z 9(7)L\-rtL7b^ 
(C aB«(DlI#^fi)t 3^ P ^7" ^ A ^ I5il L P > e i -r? IS 

[l|j}tiM3 0] mi iil«i:m2iii«i:$^fi)c-r^*ltg 

ji'Vn—[z^^^mAz^nfd^w^oU''Amik'^wfA^.t 

Lrtttiit--Smi 

m 1 iiI#(D#!f#mj#JC^^f51--&m2iHS±CD;S$, (^U 

ftPB'ia)^:/T't' p— (::g-:5L^Tii£!)r>■t^m2^ 
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LTttttit-^mi^lS. 

mi iU«cD#!f#1S^JcS^)$;-r-i)m2iii<t±(»^.$-, SSiU 

IS. 

m 1 ii^(7)&!f#aj^5 i:m 2 ^ai- j; o-c*^) i^ttfrs 2 

1 i®«±£Dfi«$*i6-5fcto£D^^ie$*A6-§>m3^ 

IS. *Sct:u:?#b;h.fc^^jtic*o'uT. m-immtmz 

<!:^^«1-^m4^IS. 

$ {« ^ T L ^ ^ C <t ^ ® <t ^ -5 ' J > ^ „ 
[000 1 ] 

mik-^mioii. mm-^m-^m. mm-Bi^ 

[0 0 0 2] 

(7) :t 3^ * ; b 7 P - CD » ffi :^ ;£ I C O L \ r ift f ^ = 
[0003] (1 ) Lucas-Kanade;4 

tLTt^•5o ^3-^j:t^R/T'£)Se;i-!:-fe^Lucas-Kanade;£IS, 

[0 0 0 4] Lucas-Kanade;£(D|#*ffllcoL^T(i. : 
B.Lucas and T. Kanade, "An Iterative Image Registra 
tion Technique witli an Application to Stereo Visio 
n, "In Seventh International Joint Conference on Ar 
tificial Intel I igence(IJCAI-81), pp. 674-979, 1981 

[0005] iilTIC. Lucas-Kanade;£<D05^jili'<'5>„ 
&-58#Si)t (DmmmmP^U.y) CD;e;jl^/'^^' — >l(x, y, t) 



[0 0 0 6] 

dlSx dlSy Bl „ 

— H + — = 0 

[0007] 2'^X7tm^x^zf^-^-h)i-yu- (v =( 

(Sx /(St , <5y ydt ) =(u.v)} ^gt»:-r-5l-|i. 
^^/^=y^—^mt<2mxh^<J)X. t 5-<itfil^^A< 
£-^T- Lucas .hKanadeC ^tB) li. p]— !t^!)j*(»^ 

[0 0 0 8] m^i^. mii^±(Dmp!jm^cijmx. is-^=r 

I0(P) =l(x, y, t). li(p+v) = l(x +u . y +v , t + 
(5t) 

.t^^afeftSi:. ;JeTi:4t?:^«-e#-So 

[0 0 0 9] 

^=E[A(P+v)-/„(p)r 

[00 10] cc-e. v7!)<iiS'>4-ii^icii. T^-^-ii 
may 2 ■■'Xiii±(Dm^mmx ^^ox-. >x^5 t^mim!^ 

[00 1 1 ] 
[^5] 

^,(p + v) = /,(p) + ^(p)v 

[00 12] ZZX. g(p)li. Il(p) (D-^xm'AX'h 

■So 

[0 0 13] mmEii^m'NzU^CDlt, ECOvlZ^t^ 

[0 0 14] 
[^6] 

=|-x;[/i(p)+^(p)v-/Q(p)f 

= }^^8(v)Ui<P) + ^(P)v- /a{p)] 

[0 0 1 5] mz:ty^ ^ :b Q — y ir^X^iv^isb 

[0 0 16] 

[ift7] 
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[0017] ^{Z^ ^^^eSiZTKl-cfc 51::. h> 



[0 0 1 8] 

m8] 



Coo 1 9] (2) Pg®e<)it^;£ 
Lucas-Kanadej* $#t;£]@B;i coa t. :^ ^ 'iiPpIS,^, (i, S 

[0 0 2 0] ZHlt. ^-f. 2fe(Daii;55L/-c®^A^t,, 
^ i6 ^ ^K^^ticD M«co ^ISPgc?) M 4- ^ imt ^ <^ 

[00 2 1 ] HI (d) ligiffl^^, Si (c) lim 
(d) <»^SiiI^J;y^«S(7)<gL^iii«^. HI (b) 

HI (c) CD^gS?^giii^J:yfi?^gCO^SL^Iii^^. H 

1 (a) liHl (b) rofi^^Sll^J; 

H^S. -5-+L-e;h-^FLrL\-5„ HI (a) ~Hl (d) 

[ 0 0 2 2 ] H 1 ( a ) CDB^ 1 CDiii#) . H 1 

(b) (dwosl {^m2(Dmm) , HI (c) (omiMi (p§ 
13(7)1®^) .HI (d) omnk {mm4<Dmi^) coii 

(a) ~H1 (d) ICfeL^T^EPIi. /<>V^S(C3}c(lftb 

-S) o 

[0 0 2 3] Lti'^LUt^ib. C CT'CDrplsii^li. SiiJ<t 

[0 0 2 4] t:i^x% ffiia;(D@i#^i,fey^t)-frT. II 

[00 2 5] /NV^-^g^^^/S-r-SfliTri: LTI*. 
C7)2 0(7)7^;tA<SDt>tl-TL^-S„ jl 1 <7):!^j4l*, ^f. :^ 

> ^ $ a£ jif? a -ti- r ^licft iSfi ^ ^ tf)ti^ L r fc^ 



< o mh3MzmmX0:>miSit:^<-yi-Jl'-::i>t::^-^lz 
TtE^cS A^Ji^r -5 C i: ic J: y . 2 
[0 0 2 6] m^<D■:^mX'it. * p< ^(DJUSA^'Mitaifi 

(C|!I^^;h.^„ S^r. mi (7):^;iTli. Jl— »fA<m^ 

[0 0 2 7] m2(D:^;£l*, ± ^^^E.mizm^L. ±r 
>^ro»S^7K¥Sl;©|n]ef£ltlc$i]|JILT. IS^tJlCD 

LX. ^f^l.i-i> (USP 5.396.583 #^.) „ 
[0 0 2 8] m2(D:;^;£-Cli, ;< 7(Dl!)#^7K¥aT! 
(D|nllEf£ltlCflJPS-r^£^g3!)<&-i)„ ^/c. iJ^'yO^m^. 

[0 0 2 9] 

[ieB^*<fi?j?iLJ;^<!:-r-g)illi] CCOSgB^CDgMli. Hi 

[0 0 3 0] z(D%Bmm(Dsmit. ^mommti'^im 

m-^mya^'=yi^^mmLtzmmmw^mm-t^ztiz 
[00 3 1 ] z(DmBMay^ iizmcDsmt. w^(Dmi& 
^m(Dmm^m.^t^tzisb(Dij ^ ^izf^^umwi^mm' 

^tz'ri>*>)\^t)^^^tzliZf')>'^^mi^t^Ztlz^ 

■So 

[0 0 3 2] 

[mm^^m^^-t ^tzlsb<D^m Z.(DmBMlZ^^:i-y'r'< 

fiji^ya-m^TDmt. 2+3^(Dmf(ca-:3L^r/<-v5^s 
iz:tzfT-'<ij)i'yD—^W-ihLtz^k. :f:f'T^ tuvya 

-^(Dmm<D$Mm(Dyi--:f'r'f ijj\yya—^mi^xm^ 

t^^OlzLtzZt^nmtt^o 
[00 3 3] ffi$i^ri*. fc^iliftfl^ajOTME • 7K¥ 
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[0 0 3 4] 

[0 0 3 5] 
[Sill 0] 



[0 0 3 6] C(7)^B^|c^>5i|1 (Diii^^fie>^;$l±. ^ 

1 ii^^t<!:m2lI«i:^^fi)t-r5ii^^^)t:*;^l-fcL^r. 

■r^S2s^±(D,#.^, mmmm<D^y'T-'(±iji'yn- 

t m 2 •> T^iz ^ -3 r*i6 b t^fcm 2 ©^±0^1^;;^ 
<!:^cso'L^r. mi ®^±(7)^5(-m-r^ii2ij^±co 

^A<-mti>^v\z. m-immtm2mi^ti^fS.t^ 

[0 0 3 7] mTX'rvyit. tztxtt. mTmmtm 
2mmt(Dmti:^)^iifytiit^x^'yj. ts^um^m 

[0 0 3 8] m^mmtm2mmt(Dm.tj:^)^'^^^tii-r 

^X'ryy-rHt. tit kit. S S DjilzSrJLNTH 1 H 
<t <!: m 2 iS^ t (D B 4~ y g|5 ffi $ ti -5 o 
[0 0 3 9] mzX^yZflt. tztklt. PgS^igitL 
fcLucas-Kanade;£ (z ^^7t- zf^- -{iDUyo — tt^;i0=& 
IS|!ili53LNT»b;txS:t:^T--f :^;U7P-(D^*,. Hffl 

mzm-^i^x. m 1 mmtm2m^tt)^'i,t-:^^^ tui 
ya-i^ib^x^y^. isj:um-\mm.cD%nm.^Az 

- (c S o' 0 \ T ii »"r -5 -7^ b 'j: ^ o 

[0 0 4 0] z<D%BMiz^^m2(Dmi^'^i^yj)Ht. m 



i^±<Dmz>c^!t^t^m i iiift±©&a^, i ^ 1 A^b 

(n-1) ^X(D^m^tLX. t^'eh^ib'bfzisbCD 
^l^it^Sttit-^mi xir-v:^. mi xx-v:^-cr^tf)b 

-am 1 ®ift±<;5f4B^*ft^fc4^(D^j^it^*«^)^m 2 

T^'TvZf. U^lS-\z\^!^Mz^%.it\zm'5\.^X. mill 
fti:llniiI^i:C0>E^P5#.A<-Sfe-r^cfc^(c. mill^C: 
mnii)#^^^t-^m3Xi^-v:::*"^li^TJJU. mix 

a X5'-v3^'~c Xt=- i = 1 A> 

b. i ^ 1 ot=oHiffLr i = (n - 1 ) ityji 

[004 1] aXT-'v::^ : m i ii|^3^)^bs M i mm.t% 

( i + 1 ) iiifti:<Dralco:t7f-x-r:^yU7a-lcd;.i)iigili 

bXT^-v:/: m i iII<S(D^!f#tt#-(->Pff&-tSm ( i + 
':5L^Ti6»t-^X-r-> >f 

cX-^^yT*": m i bXT^-;/ >f|Ci:-DT 

*i^>b^ifcm ( i + 1 ) iii^±CDmi^,<tlcS'^L^T. 

m ( i + 1 ) iii^±<D^s(c>Pti$:-r^m \ iii^±(D<ia$ 

* 46 ^ y-c (ft CO xC ^ * tf) ■& X 
[0 0 4 2] C(7)^B^(C^§m3(Dlii<t^fi)t:^;4li. % 
IBi^-mnli^ (nli3Jil±CDS^) CD3^iJa±(7)l] 

<s^. %^m'^^mmt\.x'^f^■t^m'^'^m.■n^^\zii 

L^T, m ( i + 1) li#±<D^jc>sfPc;;-t-5m i il«±<D 
eM$. i ^ 1 A^b (n- 1 ) ^-e(7)=&S|![<!: LT, 
;fL^n«ft-5/c«603SS^g5Ee^*to^miX7^-:/::^, mi 
XT^->:^7?^46b^fcS^5tic*ot\r, m2ii^ANb 
mn]l«ST'(7)=&il#^lc, =&PI^±(7)iia(cj>f)$;t-'5)m 

1 iii^±(Diia^*46^yi:(S6<D^^5t^a:tii-r-5m2x 

T-;/:^. 4-bi;i-m2ii^±a)il5ic>Ftf5-r'2)m 1 iil^± 

<D(4a*3}<;to-5f:<ft(7)i£^itic4o*L\Tm 1 mm.\z%2 

iS^S-a'iSL. m3i)^±<7);5(c>i>ti;s;^|,mi iI^±co 
-f4■$*to-§>tc46co^^^Elc»-^^,^Tm 1 H^tm 211 

^)^^^-^r. aiiiiMic, mnju^icD^jcjsrnt-r-smiii] 

A^bm (n-1) S]ft^T'ro^/i!iiii<tl-mniijft$-&i$ 

Lxm 1 ®«~m n iU^cD^fiKiiifS^ii-sm 3 xt^ V zf 
S-jit^Tfcy, m 1 x-T-i*:?'!*, ;j3?(7)axx'v:7°~cx 

'r-JZf'k. i=lA^b, i $ 1 oToSffLT i = (n 

-1) m^)'^ui=)Z.t^^mtti>. 

[0 0 4 3] aXx-V7° : B i SftA^b. m i il^<i:m 

( i + 1 ) mi^t(Dm(D:tzf^-^ ±ji-yD—iz,^^i^m^ 
iz^i^tmm(D^-^mi$i^^m^.tLx^tiir^yi.^-j 

1) mm.±(D^^. mmwLm(D:ty^ -( tiji^z> a—iz& 
-oi^xi^m-r^:^'ryz)' 



(9) 
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m ( i + 1 ) m*^±o^!^Aznmt^m \ mw±:<D^m.^ 

[0 0 4 4] axi^->:/i±. fzt7i\t. m\m^tm 
(i + 1) iii^icDa^-yaj^ttai-r-sxT^-^^. ^j: 
i;m i mmzi6\fi>m ( i + i ) u^ircDa^fy 

[0 0 4 5] m \ SJ^tm ( i + 1 ) Metros ''dry SB 

rmill^tll (i+1) ilj^i:a)||^d:UgfiA<ftbi±i;i:H 

[0 0 4 6] bx-x7::^iis fct^lS, mmm'&^tLfz 
Lucas-Kanade;4(C iih^t Zf'f -f * ;U 7 a — lt^;£(7)=S-IS 
Pg ic L^T b tL -5 ;t 3''^^ -<• ;b ;u -7 n -05 5 *. . llfiJS 

lz&-^^^x. m i M^tm ( i + 1 ) mmtfj^ib^yn' 
^a,#Jc^^f5■r^ll ( i + i ) m'^±(Pi^.'&. 'i^^Mz-t 

•5 o 

[0 0 4 7] CCD^BJ(Ccfci)^1CDiS<t^)Sgeii, ^ 

o'L^Tii^r>f -sm2^i$, miiii^(D=&!Sit^,i:ii2^ 

T, miiiHt±(7),'^,lc:>Pff5-r^ll2iiI^±CD<4a^trli 

m 2iii^±(75j^jc>t^P5t^m 1 is^±(7)<3ia$*«^)-5/i 

S-^i'L^T. m 1 il«i:M21I^<i:cD>c^fE:;^A<-Si-r-5^ 

aic, mi is^<!:m2iii^i:$^/5E-r^S4^e^<ji^ 
[0048] mi^sii. fc<i:x.is. m-\mmtm2m 

)uya-iz^^^B\z=^W6:m^(D^i^mm^'^mf^t 

[0049] m iii^<i:m2Si^<tCDS^i:yg|5^tt{±lt- 

Ib 2 lift i CD a 'd: y S(i 7b<tt 5 ^ -5 o 
[0 0 5 0] m2^ISI*, fc<!:x.li\ PtJi^itibL/cLu 

("^^L^T^#b^^-S:t:>'T■-^' *;U7P— CD5 *)s MSOD 



m2mm±(D!^^. mi^Mztzf^-.^ :h)iya-izm':i 

[00 5 1 ] CCO^0^ICj;^^2(7)iiI«^)5£Saii. » 
1 ffi^-llniil^ ( n li 3 Jil±0)Slfe) (D3^*jil±CDSl 

ii^t^-BfS.-t^miik'^0Mm\zisi'^x. m ( i + i) iii 
m±co!^(zni<:-i-^m > iiii^±rotee^. i $ i A^b 

(n-1) ^xro^S^tLT. tti.'eti^ib^tzib<D 

^^^^miit^m^^^&. mi ^iST'*A6b^xfc^r 

<t±roteg$3}c46Sfcto(D^}Sie$^46-5>ffi2^IS. 4- 
bt/(-t#b;h.fc^^itl~a-p*LN-c. miiiJ^tlSniij^ 

•hcom^^A^-si^^ckaic. m^mmzmnmi$.^'B 
r i = (n-1) i^iysL^^p ci:S!f#it<t-r 

[00 5 2] aX-r->:/ : m i ill^ANb, m i ilittm 

(i+1) m'^t(nfii<nir-:f=r-<^)v:)u—\zii^'^m 
h7.=rv-J -.m -y m\%(ii^%^m.mzn^-t ^% ( i + 

1) ®^±c7);fi$. iSSiii^ra(D:f::^Tr-< :^;u:7n— ICS 

*«6bttycm (I + 1 ) lI#±(D>i^)t;,^..!:(c»o'L^T. 
H (i + 1 ) iiift±a)^(zjpff5-r-5>m i il^±(DiiM$ 
* 4^) .gi i6(D Si^iE $ * to S X T- «v 7*" 
[0 0 5 3] C(DS§B^(Cctl)m3 01I^^M^ai±, % 

i®<t~mn®^ (nii3iii±cos^) CD 3 t5^y,±(7)iii 
miB^^S^irLT^/S-rSiii^^JiESSlzfc 
L^T, m ( i + 1 ) liI«±co^(::S^):E:t- i ii)^±<» 
i ^ 1 A^b (n- 1 ) LT. -e 

ti^;K*i6^fctoroSJtsJ:$*to^mi^lfi. 

-c*tob^f-^ifeit(ciE-:SLNr. m2ii^AMimnij^ 

t75fia$^to^y-to<73^}^xt$»tjj-r^ii2^ig. ^b 
u^icm 2 iii^±cDjSic>FrfE-r -SIS i ®^±(D(ia$ 
^/c<rt<Di£j$ii:i-s-3LNTm 1 iffl^icm2ii^^^/s; 

Ls ll3@I<t±CDjS(-j^tt--r'&lg 1 iiJ^±CDea^;}<to 

sfcto^73^^S5E(~s-^^^Tm i ®0i:m2ii^t0^j$ 

ll#lz||31^^$•g■|5!<;-r-5<!:L^^/■=^a31$|li;^^^oT. 

mniii«±(7)^icm-r'5iii ii^±(Dfia 
^^ft^y-ctocD^isseizso'ur. muKtA^bH (n 
-1) m'^^x(D■^^mmz%umm.'&^^\^xw.^m 
n ©^(D^fiEiii^^ 3^ig$fis^tTfc y . 

mi^Slis ';*!:cDaX-f--v7'~cXT--y-:^'$. i = i A^ 
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"i. i $ 1 -:5-r-:3SirLr i = (n - 1 ) Jiyil 

[0 0 5 4] a xiF-vT' : » i il^ft7^)^ b . s i m^tm 

(i + 1) mm.t(Dri^<D:i--:fT-'( ^Ji'yn—iz^^^^tU 

bx-x-vT" : m i iii^(D=&!fta,'^.(cjtf)t.^i,m (i + 

cXT^-vrf : IS i m^<r>^%m^.t bX7^-v::f(Cc):oT 
^-ftbtLfcm ( i + 1 ) il^±(D>i=ti:S;^i:lzS-5l\T. 
m ( i + 1 ) iii^±(7)j^lc>^it>-r§m i iii«±(7){i^^ 

[0 0 5 5] ^7.=rvZf\t^ tzt^lt. m \ MmtW, 

(i + 1) iii^itDS^cygR^tttiit-^XT^-y:/. So<t 

i mwz^sii^m (i+1) u^-tcDa^fi-jgB^j-AN 

[0 0 5 6] Mi miMLtm ( i + 1 ) iii^<t(Dli4-US|5 

Tmiiij^im (i + 1) ®fttOTS7Sji.jg|iA<tt{ii$^ 

-So 

[0 0 5 7] bx^-v>^li, frir^lS. liiSmig^bL/-: 

fflL^TM^-rs. <t:LN^yi:j-:^T--i' *;u7P-*i^::!^j£ 
(cso'tNT. m i mii^tm ( i + 1 ) mwtt-^^^zf^ 

-( ±in.ya—^i)itisb^7.'r'wzf. *5rfct>'m i 

i^!!j#jc?trt-r-S)ii ( i +1 ) a^±cD^.^. m^Mz^ 

[0 0 5 8] C(7)3lga^|z<*:^S 1 <Diij^^)t::''P'?'"7A 
1 iii^<!:ll2l)«i:$^RK-r§iii«^)S:^P-?-7A$fe 

it L =1 1/ 1° 3. - mm^ y ^ t^'^f tBiiJ^i* -e & ^ x . 
LTtttti-r^mi xt^>>^. m 1 iii«(3)=&*#ia^jc>Ft/s: 

■r-SS2iii^±(»jS$, iE51I^rBlcD7}-^T^-r-*;u:7p — 
lcS•^'^,^Tm•r§m2Xi^-v7^. m.i UftcD^iftlt;^ 
i:ll2XT--v3''lcJ:-3T*<ftbH:r-||2 lj^±CD5* 

ag^/-r(±m2il#±(7)^.(zjPti^;t-^m 1 lIft±a)f±S 



[0 0 5 9] mi x-x-v^*"!*. /-rt^is. m^mmtm 

'Zf'T^tDVZJO —[Z ^^'M%\Z^v)]t6.WWL(n^'Am^ $ 

[0 0 6 0] mi 211^^:0? a/j:y^^ffitt: -r 

-&XT--y T^r-li. /c<i:;^(±\ S S D;£|cS-^*l^Tm 1 iii 

[00 6 1 ] m 2 fc<!:;^ld:\ Pig^it^tL 

fcLucas-Kanadeji IC J; -Srt T^^'r -f :'3 ;U "7 P — 

ISPgic I ^ r t# b ^ :t -f :'i ;u p -(7) ^ *. . ffill 
SOteL^'tCD^. -f-(7))llH<7)Mliic(7):?t-7'-xi' ;'];U7P— 

>i*i$:-rsig2iii^±(7)jg^, {#b;h,fc^::^-x-< *;i^3'P 
— ( - S -:5 L ^ r JiST'^ ^ X 7" -y -T" b ^ „ 

[0 0 6 2] z(omBniz^i,m2cr)mii-^myoif^ju 

1IIi^~lin®^ (nli3JiJ.±©SiS) (D3tftJil±a)iiI 

-^!SE^isynit^^fi3®(iH*-eifcor, m (i +i) iii 

(n-1) t^X(D^m^tLX. ^fl^h,^lsb^tzlii(D 

Htz^xcD^m^izm-ii^x . mnmi^±(Dmz$ci\^t 

7.=rv^. ^CbI>'l3^#b;t^y■r^^^It(zS•:5L^T, 31 m 
^<!:mniii^<!:(7)*tf&^A<-af -5J:5lc. H 1 iS^lc 

mn®<ts^)5;^^S3x^-v3^, ^=i>ezL— S(ic^ 
^7^i+i)/ii^(Dlii^-&j5E::fp^r"^A$igeLrfcy, m 
1 XT^'y:^li. ;j^(DaXT^-:/::^'~cX-?>y7''^. i=i 
*^b, i $ 1 o-roMKrUT i = (n - 1 ) iiSy 

[0063] aXT^-yT^imi ii^A^b. % i 
(i + 1) jS^trorsKD^T^T^^' :^];^:7p-(c.fc-&igiE!lr- 
1) ii)<i;±co,^^. f^lHtPBlcD^3^7^-f *;u:7p-(cs 
'5l-^X'-M.Wti>7.=rv:? 

*iftbnfc» ( i + 1 ) M«±rom/i^i:(cS-DasT. 
m ( i + 1 ) i»t±(D,-s(-5Ptit;^^M i iiji^±cD<iS^ 

* 66 -5 tf)C73 ^j^xt ^ ^iSi -S X 7^ 'V 7^ 
[0 0 6 4] C(»^B^(cJ:^|g3(751I<t^fiE:;?P^'^A 

^m^~%<r^m\^ (n (i3 Jil±(;)^^) (D3«tlil±CDS 

^t£. m 1 ili^^Sif <!: LTB-fiEf •SU^B-fiicT^P^''^ 
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■or, m ( i + 1) mit±coi^Aznft-t^m \ miik±(D 

ami. i ^1 (n-1) ^-C(Z)=&Slfc<!: LT, ^ 
h'eH^lsb^tzib(D^i^^^^l^^m^ :^'ryzf, mi 

(^^iss*to*/t4^(DSjt^t(c^oa^rm 1 iii«(cm2 

li^^^fiKL, m3ii5^±(D;iS|rSttl?^-r^||l iiift±CD 
i±m^^lsb^tzlsb<D^m^\z&'Di^xm i iil^<!:m2iii 

'X'n-^x. m^miz. mnmm±(D^jzicimt^m-\m 

A^bm (n-1) jij<t^r(D^;SiiI«fcmn®#.^^/ffi 

zf. "^^i^izz^—^lzm'u^-^^tzSbcDmilk-^f&y'a^- 
^ ALIBIS Lr fey > ilix^->:?i*, >jR.o) a y ■:f 
~c7.^vZf^. i=lA^b. i ^ 1 ofoMffLT i 

= (n-1) ^7?, ^ty^IL^T5cli:^!f#^s<!:f 
[00 6 5] 3 7.T-yzf -.mimm^i^. m<miiktm 
(i + 1) miikt(om<D:tzf^>( tiJi-z^a—iz^^iSLm 
iz^mtm^<Dm'^mm^^m!^± Lxmmn^ir-y 

b^^.n'yzf : m \mm(D^^m^AZ)ei!Z'-t^m (i + 
1) mik±(Di^i. mmiikm(r>-tzf7--<tijuzfu-izm 
rSi^xi^mr^T.T-'-jzf 

cT^^^y ■.%\ m^<D^^m^tb7.=ryZf[Zi:^X 
^^ioMzm ( i + 1 ) ^ii«±(DJ^)^;,■^><t(c»•^'L^T, 

m ( i + 1 ) m'^±(r)i^\zn^thm \ iii^±(7)as$ 

* tt> -5 f c 46 0) ^ ^ S $ ^ Si -S) X 
[0 0 6 6] aXx>v3^(is fct^li'. mill^<!:ll 
(i+1) iiI^t<Da4-yg|5$tttii-r-i)X^-7::''. fc^ 

u:m i ®^icfc(t§m ( i + 1 ) m^tom.ti^)m^t>-^ 

[0 0 6 7] mi sifetm ( i + 1 ) ®^i:(73fi7d:ya5 
rm i mmtm ( i + 1 ) iifttOTfi?^d:y^A<ttai^=H 

•So 

[0 0 6 8] bx^v^\t. fzt7i\t. mmm'A^t[.fz 

Lucas-Kanadeii IC cfc -5 /f- -f * ;U P — »S;£CD=&IS 
P§(C^^L^T^#b;^^S:^:^^^^-:^^^7a-(7)^*,, llflit 

lcs-:3^^x, m i miktm ( i + i ) iii^itA^b;^-::;^-^ 
gSt^^Jcm-T'Sm (i+1) iii#±ro;^>$. n^Mz-t 



-So 

[0 0 6 9] C<D^0J(Zd;^Tv^!;U;b>^IS. m 1 Si 

mtm2mmti-^mi-^mmimpLtz^'y^j\^ti^'7 
rfeoT. m1iii^A^b, m-imBtm2m^t(Dm(D 
■^zfT^ ti}uya-iz^^-Mmz^mj:^m(DU'7^mm 
^<imi^tLx^iiit^m 1 ^is, m i mm(D^^m.^. 
izKi!t--r^mzmin.±(D!^.^. mmwm(D:tzf'r-< fjji- 
yn—izm-rsi^xmni't^mz^m. mTmit(D'&wm 
^tmz^mz^-ox^sbi^Htzmz ffi<t±(7)aj&,#, t 
izArsi'yx. m-\miSi±(Dmz^mt^mzmiSL±ayiti 
m^fziim2mit±(D!^izKii:o.-t^m i mi^±<Diim^ 
5}?A6^fc(S6(;5ig^^$*y)^m3^^s, ti^ifmibMz 

^^mTiXi^^ztiw^tt^o 

[0 0 7 0] z(D%BMiz^h-:f'):y'S'it. mili^tm 

2m^t^'^mt^m^^m?ifz-f')>^x%'ox. m 
m^A^b, m'^mi^tm2m^t<Dm<D:ty'T-< ti)\^ 
y a-izj:^^miz^wmm(D^^mminm!^t l 
rttttj-r^m 1 ^is. m^mi^a:)<^nm^^z1^r^i-^m 
2iii^±co^.^, iliij^rBl<»::t-:^-7^>i' ;b;u:7P— (ego' 

L^Tig»■r^m2^ls. mi®^cD#!f#js^.i:m2^is 

J; o r *<fc b;h-fcm 2 lift±0)>i^tD; t l3*r3LNr , 

m 1 iii^±(;)/^^ics^)$f -am 2 ii<t±(7)i4a^/ii±m 2 

iiI^±<D,.S(c>E^fB^-S)m 1 m^±(Dikmi^i!b^tzit)(D 

^}^xe$^A6^m3^is, fcj:m#b^xfc^}^jeic»o* 
L^T, m-immtm2mi^t(D7^m^.t)<-^-t^^o 
iz. m^mil^tm2milttt'^f^^t^m4^$k^m7^x 

[007 1 ] 

)\.yu-m^-:fjmz':>i^X(Dmm. 

[0 0 7 2] Z(Dmmz^i,:i-zf'r^±)l'yo-m^-:f5 

mit. e7 5>v mmmizm^mcDmm&comtji^miit 
^Wf&Lx. ^yn'-i^ji^ya-^m'Mmizimt^m 

Mi^m'M^mi&tLXi^^. tzf^^ti)[^ya-(Dtm 

■^mt. Lucas-Kanade;£^CD^@H;£lc^J£oo "^^y, 

HHitlb t ^DSHJic: cl; ^ :J- T^T^ -f ;u 7 p ^ 
fiSli: L-CL^-&„ c::XMi. ^@E;£i: LTLucas-Kanade 
jiA^fflL^btlTL^^n 

[007 3] c:roigBj(Cc):'5:t:^T--f ::'];u7P-Ji:^:^ 

SfDift^iSli. pgiimiiUfcL^rLucas-KanadeaiCcI:^:*-^'' 
"r-^tDi^ya —m'&mco'^m'Sizisi^xn h^^tzyt- zf^- 

^tij\yyo—i. m^mmizj:'oxm^r^ztizh 
■So WT, cHlc•ot^Tl¥L < ift0§-r-s„ 

[0 0 7 4] Lucas-Kanade;£CDftRfT»— -Ol*. 
AMlfiti$|#OCi:-efc-5o Tomasi<t-Kanade 
-SMliliroiiier'Rrt^ttAv liiTWcJ: 5l-^?![:H•iil^A^b»t^i 
T' ^ -5 C t ^ jf: L (C. Tomas i and Kanade, "Shape and 
Motion from Image Streams: a Factorization method-P 
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art 3 Detection and Tracking of Point Features, "CM 
U-CS-91-132. Carnegie Mel Ion University, 1991.) „ 

[0 0 7 5] h^mi^mi^ujcDmm.- 7m:^i^(DWA(o 

2S$^*lc}#oy;S 1 1(^2 X 2C7)<^^ft5iiGA^b. 
[0 0 7 6] 

[0 0 7 7] z<D'imG,(Dm^mi3<m-:fj t t:k.^i^m-^ 

$:J(J5t1 2lc^oT#-i>Z<!:A<T-t-So 
[0 0 7 8] 
[Sfti 2] 

E 

[0 0 7 9] *^B^#b(i. it:^-?--!- *;u7a— (D[5]- 
m(7)|i§l(D$gm(c(i^5Itf|JfflL?d:l^„ <t;bU(c. 

[0 0 8 0] ia2(C3'P-'<^ h;K7)10?8SaSO4l^$ 

[0 0 8 1 ] iniii. ^p-'^'^ KyucDIlflgcDv-v:^ 
[0 0 8 2] ^-f, »btLy-c7P— ^ LtL^^i^!flst■ 

[0 0 8 3] ;^(C. 2MiiHtT-(D^;U7;j-P V— ;ia[|C 
cfcST^SrtMS^+lLT, 3'P-lilcfcur$g^(D|]^?i 

;Uu ( i , j) (i. ^(D4jfi<^(D:7P— h^L-A^bll 

lis r 1: T S<?^<^ It $ ^T o T i)(j3t 1 3 (7) cfc 5 (c lt» 

[0 0 8 4] 

[iti 3] 



/'W / A 

(/?,^) = (oa),{o-i),(-i,o),(i,o) 

[0 0 8 5] C(D«0:Ii^, L#LMi«as$tv/c^'<rco 

— '<-i7 h;uu(i. j) -^-cDSifi^gcDT^p— -^-^ 

^ If r i-fc; i: T»<?f It ^ o r s:tbf •?> d: 9 ic L 

[0 0 8 6] 113 (a) It. &^mm(DmiSilZlijLX L 
^im^m^Htz:i-y'r-<±)l^yo — t:7iiL.. 113 
(b) Ii*i^»0;f7'5^f ;*;u>'P-$^nLri''-i)o SI 

3 (a) irfciNT. ^witLti^mmmizj:-oxmmm 

[00 8 7] C2] ^VlKt^fiJt^SroijiB^ 
[0 0 8 8] JiLT. 1tSjI^DiilJ«A^^,i^ig(D^^L^/•\y 

[0 0 8 9] ll4li, yiy'y-^mi&'^fS.mWi(Dmf&'^7F 

[0 0 9 0] z'^— Vt-;i'=i >t°a. — ^ 1 OlClS. T^-f X 
::^U'f 2 1 , 7-^7X2 2fc,fci;^-;t<- K2 3A<Jg$I$ 
^^TL^'g)o /N— Vt-;H]>t°J-— 5! 1 0(i, CPU1 
1 . U 1 2. M— KT^'fX'i? 1 3. CD-ROM(7) 

[00 9 1] /\— Kt^-i'X^' 1 3IC(±. OS b- 

>'5'"vx^A) ^(Dte, ^TH^^f5)c::^P'?'7 

AA<^&^rt^;f^TL^^„ ^ y'iii^^Jilc^^py^Ali, 
^•:KA<^&Srt$+lt- CD-ROM 2 0$fflL\T. /N— K-x 

^x-? 1 3lc-f >x I — ;u$tt^„ ^fc, /\— Kf-Vx 
tot&Sft $ tvT L ^ -5 1 © <!: ^ I) „ 

[009 2] i2- ^} 2^(Dminii:-^f$.t^m-^a)y< 

2+AcDii^$-&)a-rsii^0>'^/ 7-7iiift^fi)t5aaico 
\,^xmm-t^. 

[0 0 9 3] 041*. ^Vlil^^fi)i:/P^7"5AA<|B 
l)li±Li^)^,tLtc^-a-|^CP U 1 1 lcJ;oTfft>^'g)/^y 

[0O9 4] (I) ^-r, :x— tflZj:oTj§^$tLfc2fe 

(Diii^ (mi iii^&o;m2s^) i 2ici5fe^3i 

(XT--y >f 1 ) „ 
[0 0 9 5] (II) --X\Z. ZtJccDS^COM'ttygProtttti 

^aIlA<^T+?^^^ (xt^-v^2) . ccoST^fygucotttiiia 

Sli. SSD;i (Sum of Square Difference) izSo'L'' 
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[0 0 9 6] O^y. ^-r. 2 

-So 2ii!.(Dmm&mi$Li ] . 12 cr)a''j:'-ja5:9-a) (-tf 

2^I^M (E) ^fflL^T*<ft^>4^^o iil^FBlrof^aift 
^mm. (d) m^i:ygRA<ttaj$;h.Sc. 'jrfc, tzt 

J;5(c. 2*A(7)iliftr^-c-<D^^bA</h* i^^^lci*. a^f 

[00 9 7] 
[Ifcl 4] 



MxN 



[0 0 9 8] (III) !t#1tl!j^,|*ttiAq^^:)ix^ (x-x 

yy3) „ r^^y. m 1il«lc^s(t^m2®«<i:(Dfi4- 
[0 0 9 9] (iv);^i;> ^m^i^Bmmmiibh^ (x 

[o 1 0 0] s^6<]ic(i. [1 ] -ciiiB^Lfc:*-^^ 

3x13) cD/'\->^fecD:<f:::''T^'i' :^;b:7a— '<'i7 l-;UA^ 
3j^i^b^§= miiii^ro*t1Sf;Slc>f^rS-rsm2li^±(D 

[0101] (V) ¥®S^i^aE^^^T5llA<^tii^FH^ 

3 ^^Jte^PbI 4" (D ^- ¥ fflCD ^> M ^ 2 O CO M'tf -I) ^I^, 

ml , m2 (Drelro^^li, m^-Cfc-S Z irA^ttiJ^ISI:^ 
IcfcL^TiObtlTJJ y . homography <l:ii?ld;:h.ri^-S 
(0. Faugeras, "Three-Di mention Computer Viaion: a 6e 
ometric Vi ewpoint". MIT press, 1993. )„ 

[0 10 2] tut>^. mis.mm'&nyfimmvmLfzm 

2jij<t±ro,^m2 = ( x2, y2, 1) t m^m^±r' 

nit^r^^^rn] = ( X 1. y 1. 1 ) t ^h.h<Dm 

[0103] 
C»1 5] 



^ /iz' 

A3 h, 



^2 
I 1 



[0 1 0 4] c:c:-p~iiStfje*}(c^Li^z<t:$:^L. X 
lis ;^sci e(r)^=)\zm^^7L^ztt<x^^o 

[01 0 5] 
[Iil1 6] 

[0 10 6] (VI)3j^(S^)t.Hfc¥®^^i^^^^T5lJi::»':5L^ 

2'D(Dmm(Diim.i3<-^^-r^^'5(z. mmmi3<m*^ 

■^t>iHtzm^t<±fS.^tl^ (X-x-VP'6) „ ±I£X^ 

•v:^5-eii. m2ii^±(D;§$sii®ft±©iisicie}gi 
•r^fc^^)(D^1t^T^|JA^■5^^46btLrL^^cD-T?. c zxit. 



[0 10 7] ±lEXT--y::''5(cfcu-c. miiii#(D#!t# 

^ti^J^S^fSI-^m 2^ij#±(Z)/S|c*o•L^T. S 1 iil«± 

isbxt<^i\ m^mit±<Dl^^m2mi&±(r>i^mlz^m 
■t^tzi^o^mm^i^^-si^i^tzm-^izit. m2miBii&m 
mittLx. m^mi$.tm 2mm ti^i$.Ltzmi^m9 

b^-So 

[0 108] (VII) 2-0(Dmm.t)<KiMzmtj:'-)-^ 

oTi^-ssp^^ (liiTs m-^mti^o) iznLxmmmm 
^7!)<tTt)tL-5 (x-7^-y::^'7) „ o^y, mTmmtm2 
miSit\t. m§i^m<mcxui^(Dx . -y^izit^xi^ 

[0 10 9] mmmm-^y3}ii(D-miz^i''xm.BM-t 

-So m7(Dmmu'p^{t. %^m\^2, ^ tm2mm3 2t 
A<S'^^y^oTL^■^>a!^^ (.m-Bm) x&^. ii7icjju 
c 1 ism 1 nntcDS-ofeM*. c 2(im2iij<t(Da 

[0 1 10] m.-B^f^(Diimco!i?.pcom 1 11^3 1 ©ii 
1 1 tL, ^pa)m2mi9L3 2(Dmmi§.^ 1 2 t 

L. ,^,Pim2iij««a'Dfi«C2 t(Dmmid2 tt 
^t. ;^.PCDp^f*COili^MBIenl*. 1 7 t?« 

[0 1 1 1 ] 
[^17] 
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to 1 12] ±mmm(Dmmv{t. w-mmmmmiz 

[0 113] [2- 2D 3*iciii±roii){fe^^/5jc-r^ti^ 

3 lii ± (7) n ^ ^ -r -s If ^ 0 / \v ^ -7 1) ^ j$ M a 

[0114] C2-2-I] tzt^lt. A. B. C<D 
[01 15] Z(Di^-^iZlt. ±fB C2 - 1 3 Oyj 

tz^^ti>tztb(DW-mm§i^mmi^ cab) 

■So -^-LT, ^#btt/r¥®l^i^aE^s^75lJH cab) ica 

[0 116] ^fc, ±ie [2 - n (7)75-;i$fiJffiLT. 
iiift c ±cD ."M ^ B ±cD5^j«;-r ^iS (z -S (!6 
(D¥®t^i^^^^T5lJH (CB) t:^tbi>^ ^LX. t#b 
ti.fi¥SStf5^^!T5iJH (CB) (c»•^l^T. Ai:B0 

[0117] [2-2-2] A, B, C(7)3te(DiI^ 

[0 118] z(Dm^(D-^m:^}iizit. 'iKcmooi^m 
[0119] (1 ) m 1 

m^mv^ (BA) ^LT. ^#btifc¥sitfs 

^jS^T5lJH (BA) (cao'LNT. U^AICij^B^^fiJt 

[0 12 0] ^tc. ±iB C2- 1 D (D-^m^^mmLx. 

C ± 0) .-^^ $ ® ^ A ±£D >Ptr5 f ^ I C -5 <ft (D 

¥SWi5^^^T5ljH (CA) $>RttSo -^LT. 
/c¥SS^f^l£^^T5l]H (CA) lc4o'L^T. M^AtM 
ft B i: (D^fiEli^lclJ^ C ^^f^-r ^ C t A<-t? # -5 » 
[0121] (2) M2;^;£ 

±te C2-1} CD:^;£$fJfflLT. iiJ^B±CDjS 

mm\\H (BA) ^LT. #b;h,/c¥S*rfJ 

Si^^TjlJH (BA) |CS0'L^T. iU^A IZU^B ^ -a-fiE 

[01 22] ±fB C2-1 ] CD5^;4^jfiJfflLT, liftc 
-t c7? ^ ili^ B J: (73 Jt; -r ^ ( z ^ }§f -5 aO « ^ ® tt 
i^^}S^T5l)H (CB) U^CJiCD.^.$iiiftA 



(CA) iiHtB±CD,'^>$ia^A±cD)PtPt;-r-5^4Slc 

tim- ^fzifxD^mmti^mimH (ba) in^c 

Bm^m\H (CB) <5:(7)fi (H (BA) -H (C 

B) 1 iccfcoT**^^, ±Lx. nioMzw-mmfmrn 

fr^lJ (H (CA) =H (BA) • H (CB) 1 \Z^'5l\ 

X. m'^Atm^Bt(D'^f$.mmzc^'^f$.'t=bo 

[0 12 3] t^ii. ±aB (2) (Dy5iiitW\mtS.l5m\z^ 
or, 4fecDiij^A. Bs C, D^ilfftA^Siii: LT 

[0 1 2 4] -D-^^). mm.B±(D^.^m^A±(Dn\i--t 
hitLm.\ztL^-t:hfzit)(Dwmmmm^m\\H (ba) . 
m'&c±(n>^.^m'&B±(r>n\^-t^itw\zm^ir^fzit) 
(DwmmwMmimH (cb) n^um^D±a)!^.^m 
'^c±.(Diii^-r^^m.[z^m-^fztt)(r>^mWi^^m=s 

5IJH (DC) $^:h.^>l*A6'S)„ 
[0 12 5] iiI^B±(D^^$-iS^A±(D)^l^-r'5iiS(C 
^i^-ri>y=46(D¥iDS«5|!E«^T?iJH (BA) #Jj:t>'iS^ 

ffittfi^il^T^IJ H (CB) IZ»-^LVT, ®^C±(D^* 

fT^ljH (CA) =H (BA) -H (CB) $*46-5„ 
[0 1 2 6] ®<tB±(DjS^ii)^A±(D>Ptft-r'5{4a(C 

^^fe■r*/-to(D¥®t^f$^^^75lJH (ba) , iii^c± 

i^lS^^^T5lJH (cb) iii:um^D^<n!^^m^o±<j^ 
n^-'t ^^m.\z^^-t ^tztbcD^mn^mtLm^my^ (d . 

C) (CSO'LNT. iiI^D±(D;|5$iffi^A±(D3E^J^:-rSfi[ 

gic$jg-r^yc4^)co¥®t=ri5^^^75ijH (da) =h 

(BA) -H (CB) -H (DC) ^Jj^toi), 

[0 12 7] m^B±.(D^.^m^A±(Dn^-t^^mz 
^^^■r•l>fcto0¥®t^i^^^^=f5lJH (ba) (zs-z^l,^ 

iiI^A|c®^B$^)S-ri)o 

[0 1 2 8] ®#C±<D^S$jii^A±CD^^rf&^^^^ESlC 
^^^t'^fcto(D¥iDtti^^^^T5llH (CA) =H (B 
A) -H (CB) ICS0'L^T. Eft A irlKtB i:(73^/i£ 

®^lcc^a-isr-&c. 

[0 1 2 9] iiI^D±(D^$ilftA±0)5tij:^^{iElc 

^^■r^yi^6(7)¥SiSti5^i^^T5liHH cda) =h (b 

A) •H (CB) • H (DC) (CK-:SL^T, H^AtiS 

« B t c t (D^fiKM^ic D ^ ^mr 5 „ 
[0 130] 5l*iii±(75iii#^^/5£-r'i)ti^*i. m^u 
-Jj^^umr ^) d t A^'-e ^ ^ „ 

[0131] /cffc\ 2*5:0®^$^)$^ ^ii^fccfclKS 

mizr^f}^=t^—^iz^r>xm^X'^^^'!>izLx}$< 

[0 13 2] ^tz. 3tkC7?iiI^A, Bs CCOo*., IS^ 



(15) 
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t^iim.\z^i^^^tz^(Dw-mmimmmH (c a) 
tzubcow-mmmmnmH (ba) t. mmc±(D^^ 

5IJH (CB) irCDig (H (BA) -H (CB) ) (CJ;-d 
[0 13 3] [3] ^OTiti2£0J$;ffl1$tjCQ|jiB^ 

[0 13 4] ±mmii^-^m^mizm\xmi^iHfzy'iy 

A<prttT;fe-5o C D - R OM^CD 'J 

[0 1 3 5] -^tz. ll!8IC*-rj;9|-, -y— /\1 O 1 
t. a.-- tf^Il 0 3 ,!:A<-l'>^-t--v hl?CO^-v h7 
— 1 O 2^-fi-LXi$i(^^*lXl^i>^otj:^>:^^AlzifS 
l^T. ^f— /Nl 0 1 (DJ\—\^¥'( 7.^lZ/</ =y^mMa 

0 3IC^C0 7T'f';i/$$f't'>P— KJi+^CtlZct:^ 

[oi3 6]*fc. z(D'^y =y^miSL'^m.zfac>'=7J* 
[0 13 7] Ei9ii. /V 7-7iiI^^j«:^p^'^AA<M 

[0 13 8] CCDT^v^f^UX^^U^pt^li. ii^C7)T-*v 
^!;u::?.^;u;bp« ^<!:(5it$[zcCD 1 , A/D^^^2. 
BA^5flSa53. CPU4. ROMS. 7^'VVil>^U 

6, s<tai7i^^iix.rL\-5o ^-7® D-:?" 

^Ali. ROM SI-^g^ft^ttTL^-So 
[0 1 3 9] ^1^S|17(D^1^(zd;y. /n/ ^-^Ij^^JiS; 
-:?U'y=yl.^mmt^Z.t\Z^^)':>X. 
"J 6lzB!l(cSiyiiZ.*:tx-CL^-5*S^*jC(Diii#$ [2 - 1 3 
^iz\% C2-2] TriJiBJLfccl:54-:^?4(cJ:y^f$L 

[0 1 4 0] 



[0141] CCD^0fl|-J:tlli, W.^<Dmm'^hmB(D 

[HI] 011*. ^m&^m'&}i^mm-t^tzisb(Dm^m 

X'$}^o 

>£ (. ^ T ^7+5^t -5 ij?i5aa ^ ittB^-r -5 46 5 ro^i 
^mxS)^„ 

[Hi 4] 1141*. /<y ^-7mm-^m-^m:(Dmf&^mry 
[I5i5] HSU. z-vy ^viKt^fie^aii^iii^ji^-ryp 
ime: 116 1*. ¥®sti?ff5ij^ijiB^t-^fc«><7)i5i0^ii 
[07] 1117 1*. ii*Mia^:^;iro-0ij^ift0^f ^fc46 
mal 1181*. ^-7iii^^)$;7"p^'''^A(D:7T'i' 

^ o 

[119] 119 1*. y^y =y^mik-kf&-:fa^z'Atm^i2< 
^^tz-=fi>^Jl'XJ-)l.i];^^(Dmm^7jif:>'a y^Pmx 

10 v:^;^=l ^fcfo.— 

11 CPU 

12 y^'j 

1 3 /\— Kx^x^ 

14 'jix— /\:7;uf^>t'X^cD K^</\ 

2 1 T^-< X3^U-f 
2 2 T'^X 

2 3 +~7K— K 



[US] 



1 0 1 



1 0 2 



1 0 3 
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[Ell ] 




□ 



(b) 



















(d) 

~^ ^ -^i- ^ ^ ^ — 

^ ^^^^^^^^^ 
^ 

^ ^ -t- *- ^ 




[112] 



[13 5] 




thresholded flow field 



(a) 



xK*-^ x-^ xxxxxxx 
xx^^^^-^xxx 

XX-^*^ X^*** XXX 
XX* XXXXXXXXXX 
XX* X** X^-^* X^'^ 
XXXX** XX^ XXX^ 
XXXX** XXXXXXX 

XX* xx-^ xx^ xxxx 
x** x**^ x^*^ xxxx 
X- xxx«- x-^^ xxxx 



structure element 




[las] 



(b) 



filled result 



^ <- <- ^ ^ ^ 

^ ^ ^ ^ <r ^ 

^-(fc--*--*--*-'^'^^'^ -rfr 



( START j 



I 



1 



I 



I 



( END ) 



^3 
4 

^5 
^6 
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[06] 



[07] 





[139] 



CCD 



A/D 



> CPU 



^4 



ROM 



15110 Ky7y~> 9> -y-^x u> 



